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In the title centrosymmetric binuclear Cd 11 compound, 
[Cd 2 (C 7 H 5 0 3 )4(C 6 H 6 N 2 0) 2 ]-4H 2 0, the six-coordinated Cd 11 
atom is chelated by the carboxylate groups of the two 3- 
hydroxybenzoate (HB) anions; the two monomeric units are 
bridged through the two O atoms of the two carboxylate 
groups. In the crystal, O— H- ■ O, N— H- ■ O and C— H- ■ O 
hydrogen bonds link the molecules into a three-dimensional 
network, jt-ti Contacts between the pyridine rings and 
between the benzene rings [centroid-centroid distances = 
3.770 (1), 3.769 (1) and 3.632 (1) A] may further stabilize the 
structure. 

Related literature 

For coordination complexes of niacin, see: Krishnamachari 
(1974) and for coordination complexes of A^-diethyl- 
nicotinamide, see: Bigoli et al. (1972). For related structures, 
see: Greenaway et al. (1984); Hokelek & Necefoglu (1996); 
Hokelek et al. (2009a,b,c,d, 2010a,6). 




Experimental 

Crystal data 

[Cd 2 (C7H 5 0 3 )4(C 6 H 5 N 2 0) 2 ] -4H 2 0 

M, = 1333.82 

Triclinic, PI 

a = 9.1131 (3) A 

b = 11.5757 (4) A 

c = 13.6810 (4) A 

a = 94.032 (2)° 

P = 97.762 (2)° 

Data collection 

Bruker Kappa APEXII CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 
7mi„ = 0.744, r maI = 0.846 

Refinement 

R[F 2 > 2a(F 2 )] = 0.017 

wR(F 2 ) = 0.043 

S = 1.07 

4842 reflections 

385 parameters 

4 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 109.190 (3)° 
V = 1340.35 (8) A 3 
Z= 1 

Mo Ka radiation 
/a = 0.88 mm -1 
T = 100 K 

0.37 x 0.29 x 0.19 mm 



20433 measured reflections 
4842 independent reflections 
4689 reflections with / > 2cr(/) 
R in , = 0.024 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.38 e A~ 3 

APmi,, = -0.38 e A -3 
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Symmetry codes: (i) x + 1, y, z — 1; (ii) — x-h 1, — y + 1, — z; (iii) x + l,y, Z', (iv) 
-x,-y + + (v) -x+l,-v + l,-z + l; (vi) -x + 1, -y, -z + 1; (vii) 
x + 1, y, z + 1; (viii) x, y, z + 1; (ix) — x, — y + 1, — z; (x) x — l,y — 1, z. 

Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1997); software used to prepare 
material for publication: WinGX (Farrugia, 1999) and PLATON 
(Spek, 2009). 

The authors are indebted to Anadolu University and the 
Medicinal Plants and Medicine Research Centre of Anadolu 
University, Eskisehir, Turkey, for the use of X-ray diffract- 
ometer. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2364). 
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Bis(/*-3-hydroxybenzoato)-/<: 3 O l ,O l :O l ,K^O l : O l ,O l -bis [(3-hydroxybenzoato- 
^'Xisonicotinamide-tfA^cadmium] tetrahydrate 

I. G. Zaman, N. Caylak Delibas, H. Necefoglu and T. Hokelek 
Comment 

As a part of our ongoing investigation on transition metal complexes of nicotinamide (NA), one form of niacin (Krish- 
namachari, 1974), and/or the nicotinic acid derivative AyV-diethylnicotinamide (DENA), an important respiratory stimulant 
(Bigoli et al, 1972), the title compound was synthesized and its crystal structure is reported herein. 

2+ 

The title compound consists of dimeric units located about an inversion centre and is made up of two Cd cations, four 
3-hydroxybenzoate (HB) anions, two isonicotinamide (INA) ligands and four uncoordinated water molecules (Fig. 1). Each 

Cd 11 atom is chelated by the carboxylate O atoms of the two HB anions, and the two monomeric units are bridged through 

the two O atoms of the two carboxylate groups about the inversion center. The coordination number of each Cd 11 atom is 

six. The Cdl -Cdl' distance is 3.818 (1) A and 04-Cdl-04' angle is 75.96 (4)° [symmetry code: (i) -x, -y+1, -z]. 

The Cd-0 bond lengths vary from 2.3039 (11) to 2.5562 (11) A with an average Cd-0 value of 2.4033 (11) A. The 
Cd atom is displaced out of the mean planes of the carboxylate groups, (Ol/Cl/02) and (04/C8/05), by -0.0053 (1) and 
0.0965 (1) A, respectively. The Ol-Cdl-02 and 04-Cdl-05 bond angles are 53.71 (4) and 54.59 (4) °, respectively. The 
corresponding O-M-0 (where M is a metal) angles are 55.71 (5)° and 117.52 (4)° in [Cd 2 (MAB)4(NA)2(H 2 0)2] (Hokelek 
et al, 2010a), 55.96 (4)° and 53.78 (4)° in [Cd 2 (DMAB)4(NA)2(H 2 0)2] (Hokelek et al., 20106), 52.91 (4)° and 53.96 (4)° 
in [Cd(FB) 2 (INA) 2 (H 2 0)].H 2 0 (Hokelek et al, 2009a), 60.70 (4)° in [Co(DMAB) 2 (INA)(H 2 0) 2 ] (Hokelek et al, 20096), 
58.45 (9)° in [Mn(DMAB) 2 (INA)(H 2 0) 2 ] (Hokelek et al, 2009c), 60.03 (6)° in [Zn(MAB) 2 (INA) 2 ].H 2 0 (Hokelek et al, 
2009t/), 58.3 (3)° in [Zn 2 (DENA) 2 (HB) 4 ].2H 2 0 (Hokelek & Necefoglu, 1996) [where NA, INA, DENA, HB, FB, MAB 
and DMAB are nicotinamide, isonicotinamide, AyV-diethylnicotinamide, 4-hydroxybenzoate, 4-formylbenzoate, 4-methyl- 
aminobenzoate and 4-dimethylaminobenzoate, respectively] and 55.2 (1)° in [Cu(Asp) 2 (py) 2 ] (where Asp is acetylsalicylate 
and py is pyridine) (Greenaway et al, 1984). 

The dihedral angles between the planar carboxylate groups and the adjacent benzene rings A (C2-C7) and B (C9-C14) 
are 10.25 (10) and 0.86 (11) °, respectively, while those between rings A, B, C (N1/C15-C19), D (N3/C21-C25), E (Cdl/ 
01/02/C1) andF (Cdl/04/05/C8) are A/B = 3.13 (4), A/C = 73.27 (5), A/D = 77.13 (4), B/C = 70.25 (5), B/D = 74.27 (4), 
C/D = 9.07 (5) and E/F = 9.99 (4) °. 

In the crystal, intermolecular O-HO, N-H-0 and C-H-0 hydrogen bonds (Table 1) link the molecules into a three- 
dimensional network. The n-n contacts between the pyridine rings and between the benzene rings, Cg3 — Cg4', Cgl — Cg2 u 

and Cg2 — Cg2 m [symmetry codes: (i) -x, -y+1, -z, (ii) x, +y-l, z, (iii) -x+1, -y+2, -z, where Cgl, Cg2, Cg3 and Cg4 are 
the centroids of the rings A (C2-C7), B (C9-C14), C (N1/C15-C19) and D (N3/C21-C25), respectively] further stabilize the 
crystal structure, with centroid-centroid distances of 3.770 (1), 3.769 (1) and 3.632 (1) A, respectively. 
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Experimental 

The title compound was prepared by the reaction of 3CdS0 4 .8H 2 0 (0.428 g, 5 mmol) in H 2 0 (100 ml) and INA (1.220 g, 
10 mmol) in H 2 0 (50 ml) with sodium 3-hydroxybenzoate (1.601 g, 10 mmol) in H 2 0 (100 ml). The mixture was filtered 
and set aside to crystallize at ambient temperature for five weeks, giving colourless block-like crystals. 

Refinement 

Atoms H91, H92, H101 and HI 02 (for H 2 0) were located in a difference Fourier map and were freely refined. The remaining 
H-atoms were included in calculated postions and constrained to ride on their parent atoms: O — H = 0.82 A, N — H = 0.86 
A, C— H = 0.93 A, with C/ iso (H) = k x (7 eq (C,0,N), where k = 1.5 for OH H-atoms and k= 1.2 for all other H-atoms. 



Figures 




Fig. 1. The molecular structure of the title compound, with the atom-numbering and displace- 
ment ellipsoids drawn at the 50% probability level [Primed atoms are generated by the sym- 
metry code: (') -x, -y+1, -z; Hydrogen bonds are shown as dashed lines; C-bound H atoms 
have been omitted for clarity]. 



Bis(u-3-hydroxybenzoato)-K 3 0 1 , 0 1 :0 1 ; k 3 0 1 :0 1 ,0 1 -bis[(3-hydroxybenzoato- K 2 0,0')(isonicotinamide- 
KiV 1 )cadmium] tetrahydrate 



Crystal data 

[Cd2(C 7 H 5 03)4(C 6 H 6 N 2 0)2] 4H 2 0 
M r = 1333.82 

Triclinic, PI 
Hall symbol: -P 1 
a = 9.1131 (3) A 
b =11.5757 (4) A 
c = 13.6810(4) A 
a = 94.032 (2)° 
13 = 97.762 (2)° 
y= 109.190 (3)° 

V= 1340.35 (8) A 3 



-3 



Z = 1 

F(000) = 676 
D x = 1.652 MgnT 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 9327 reflections 
6 = 2.4-28.5° 

H = 0.88 mnT 1 

T= 100 K 

Block, colorless 

0.37 x 0.29 x 0.19 mm 



Data collection 

Bruker Kappa APEXII CCD area-detector 
diflxactometer 

Radiation source: fine- focus sealed tube 



4842 independent reflections 
4689 reflections with I> 2a(7) 
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graphite i?int = 0.024 

cp and co scans 9 max = 25.3°, 9 m ; n = 2.4° 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 

r min = 0.744, T max = 0.846 Jt = -13-»13 

20433 measured reflections / = -16— »16 



A = -10-»10 



Refinement 
Refinement on F 
Least-squares matrix: full 

R[F 2 > 20CF 2 )] = 0.017 

wR(F 2 ) = 0.043 

S= 1.07 

4842 reflections 

385 parameters 

4 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[o 2 (F 2 ) + (0.0 1 76P) 2 + 0.8878P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Apmax = 0.38 e A~ 3 
Ap mi „ = -0.38eA- 3 

Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc*=kFc[l+0.001xFcV/sin(26)]" 1/4 

Extinction coefficient: 0.0220 (6) 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al R-factors R are based on F, with F set to zero for negative F . The threshold expression of F > 2sigma(F ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Symmetry codes: (ii) x+l,y, z-1; (iii) 


-x+l, -y+\, - 


-z; (iv)x+l,j>, z; (v) 


-x, -y+l, -z+1; (vi) 


-x+l, -y+l, - 


z+1; (vii) -x+l, 


(viii) x+ 1 , y, z+1 ; (ix) x, y, z+1 ; (i) -x, 


-y+l,-z;(x) 


x-\,y-\,z. 
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